Kesterite solar cells based on chalcogenide Cu 2 ZnSn(S,Se) 4 (CZTSSe) are a viable approach to thin lm photovoltaics, utilising Earth-abundant, nontoxic elements. CZTSSe lms produced from nanoparticle inks oer a costeective solution-based method of fabrication. However, improving eciency in these devices has proved challenging, in part due to the presence of detrimental complex defects within the bulk of the CZTSSe absorber. In this study, the behaviour of nanoparticle-based CZTSSe absorbers and solar cells * Corresponding author made from relatively low and high quality grade chemicals is investigated with a view to improving cost-eectiveness of the ink-based fabrication process. Photoluminescence (PL) spectroscopy revealed the presence of similar shallow acceptor plus shallow donor states in both low and high purity precursor absorbers. We demonstrate a relationship between the average depth of energy band-edge potential uctuations and absorber quality where the higher grade chemical precursor-based absorber outperforms the lower purity version. In addition, the low purity precursor absorber had a higher total defect density resulting in a 10 meV increase in the average electrostatic potential uctuations. Deep level transient spectroscopy (DLTS) in solar devices indicated the presence of detrimental deep defect states in both types of absorber. Notwithstanding the high purity precursor absorber with lower defect density, the power conversion eciencies of both types of CZTSSe solar cells were similar (∼5%), implying an issue other than defects in the absorber bulk inhibits device performance as evidenced by quantum eciency analysis and current-voltage measurements.
Introduction 1
In recent years, the impetus to fabricate low-cost thin-lm photovoltaics 2 from naturally abundant, non-toxic elements has focused research inter- Band-tails may also be present within the kesterite bulk which have 
where E 0 is the average emission energy with respect to uctuating potentials.
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The magnitude of γ is directly related to the total charged radiative and non- 
The Varshni equation was used to t the asymptotic low temperature 252 behaviour of E P L in both LP and HP lms (Varshni, 1967) , anomalous red-shift in E P L observed in lm LP (see Fig. 3b ).
293
The minority carrier dynamics of LP and HP CZTSSe thin lms were 294 studied using time-resolved photoluminescence (TRPL) decays, see Fig. 4b .
295
Similar to PL, electron-hole(e-h) pairs are generated, in this case, by a short 
where I P L (t) is the luminescence intensity at time t after the excitation pulse, whilst the trap density is determined from the magnitude of the capacitance 328 change relative to the reverse bias capacitance (see Table 2 ). 
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where R(λ) is the reectance of the cell with an intercept on the α 
